Introduction
Chronic venous insufficiency of the lower limb results in a characteristic clinical appearance. The limb is usually swollen and may be painful, with patients often describing a deep 'bursting' pain. Pigmentation and induration of the skin, lipodermatosclerosis, commonly leads to ulceration. Thickening of the skin may be severe and when circumferential causes a typical 'piano leg' deformity with underlying atrophy of the calf muscle. Varicose veins may or may not be present. These symptoms and signs are described as the 'postphlebitic syndrome'. The term is a misnomer, as only a proportion of them are truly postphlebitic. It has become evident that this clinical appearance may be caused both by varicose veins and by primary valve failure with no evidence of previous vein thrombosis. To institute effective surgical treatment a correct diagnosis is therefore imperative.
Historical background
Until the beginning of this century, venous ulceration was attributed to varicose veins. In 1868, Spender stated that 'there is no fact more susceptible of logical proof than the dependence of ulcers on varicose veins, as effect upon cause'. His contemporary, John Gay, however noted that the majority of legs with venous ulcers never have varicose veins, and the majority of limbs with varicose veins never develop ulcers. Gay performed detailed anatomical dissections, and demonstrated destruction of vein valves by thrombosis in the deep as well as the superficial veins. At the time, Spender's view predominated and it was not until the next century that opinion changed. Homans, in 1916 , first introduced the term 'postphlebitic'.2 He believed ulceration to be due to varicose veins, but described two distinct groups: those with large dilated veins, which he attributed to the effects of strain or dilatation of the vein walls, and those with small thickened veins which were hardly noticeable. He attributed these changes to phlebitis with resultant 'crippling' of the venous valves, and noted that the latter group were much more resistant to treatment.
He described incompetence of perforating veins in a proportion of cases, but stated that the deep veins never become varicose. For surgical treatment he recommended complete excision of all varicose veins. The Trendelenberg procedure alone, i.e. ligation of the saphenofemoral junction, he considered inadequate because of the high recurrence rate of varicosities; 60-70% after five years. In view of this he advocated either division of the main saphenous trunk in several places (described by Schwartz3) or else full excision either through a long incision or by stripping. Where there was ulceration he also recommended excision of the ulcer down to and including the deep fascia, and emphasized the importance of removing all scar tissue. By this manoeuvre all underlying incompetent perforating veins would also be ligated. The defect was then covered by a skin graft. For 'postphlebitic' varicose veins he recommended, in addition, ligation of all perforating veins in the lower leg. To accomplish this, depending on the condition of the skin, he used the longitudinal incision described by Madelung,~ 4 the 'spiral cut' described by Rindfleisch5 or multiple incisions based on the 'garter' operation of Schede.~ 6 Nevertheless, recurrence of ulceration was common.
By 1928, Homans had recognized another cause of ulceration: thrombosis in the deep veins. ' 7 He considered that this always arose in the veins of the pelvis, and was accompanied by severe swelling which he attributed to obliteration of lymphatic vessels. He believed it was the lymphatic problem which led to subsequent ulceration of the lower limb. To correct this he recommended stripping of the deep fascia to improve connections with the lymphatics beneath the muscular aponeurosis.
At the time, there was considerable controversy over this issue. Zimmerman opposed Homans views and demonstrated in animal models that the swelling was most attributable to deep vein obstruction ;8 as a result he condemned the surgical procedures aimed at the lymphatics. Zimmerman followed up a series of limbs with deep vein thrombosis and noted on clinical examination that, in the vast majority, the veins recanalized again, but that the valves were destroyed and the veins incompetent.
This was confirmed in an experimental model by Edwards and Edwards in 1937. They showed in a dog model that recanalization of a thrombosed vein almost invariably occurred and that the valves were either destroyed in the process or made functionally useless.9
In 1946, Bauer reported on a series of 100 limbs with clinically documented deep vein thrombosis. A follow-up over more than 10 years revealed that many of these limbs developed lipodermatosclerosis or ulceration, and that the development of symptoms was time-related. Five years following thrombosis, 20% of limbs had ulcers, but by 10 years 70% of limbs had developed an ulcer. Bauer reported that 87% of his ulcer cases were due to previous deep vein thrombosis, and he recommended that the term 'varicose ulcer' be replaced by 'postphlebitic ulcer'.'°T hese results were regarded with scepticism, as many authors could elicit a definite history of thrombosis in only a small proportion of patients with ulcers. Cokkinis reported that only 10% of his patients had a history of 'white leg' or phlebitis.&dquo; He again emphasized that the majority of ulcers were due to varicose veins, and that correct treatment was the obliteration of all surface veins by bandaging, excision or sclerotherapy. He found no value in skin grafting. Despite all of these measures he noted a high recurrence rate of ulceration.
With the advent of venography, a more objective tool was introduced for documenting thrombosis and its subsequent course. Many investigators (Dougherty and Homans (1940), 12 Bauer (1940) , 13 Baker and Sedwitz (1943) , '4 Lesser and Danelius (1944)15) noted both obliteration and recanalization of the deep veins. Bauer concluded from his venographic studies that recanalization of the deep veins did not occur, and that the skin changes in the lower leg were due to obstruction with resulting distension and varicosity of the collateral circulation in the superficial veins. This view was strongly opposed by Homans who had seen recanalized femoral veins at operation.
In 1951, Lockhart-Mummery and Hillyer-Smitham reported on the use of retrograde venography in the investigation of venous ulcerations. 16 They concluded that a clinical history of venous thrombosis was completely unreliable, and that ascending venography was also often misleading. They showed that recanalization of the femoral vein always occurred to some degree, but that it was very variable and that the worst sequelae occurred when recanalization was far advanced.
By the late 1940s the role of deep vein thrombosis in the pathogenesis of venous ulceration was well established. The symptoms of the resulting postphlebitic limb were blamed on three features: first, outflow obstruction from the limb due to inadequate collateral circulation; secondly, reflux of venous blood back through damaged valves; and thirdly, persistent vasospasm.
Oschner and DeBakey reported in 1949 that the symptoms of acute thrombophlebitis were due to associated arteriolar spasm. 17 They postulated that the sympathetic system was stimulated as a result of inflammation of the vein, and that this resulted in vasoconstriction of the adjacent arterioles. Measures to achieve vasodilatation in this acute setting were rewarded by prompt subsidence of symptoms. In view of this they went on to suggest that the oedema seen in the postphlebitic limb was caused by the same mechanism. Injection of procaine into the lumbar sympathetic chain resulted in impressive resolution of symptoms in a number of severe cases. In 1950, Ochsner et al. reported on the results of sympathectomy performed for postphlebitic sequelae. 18 In this study, 246 limbs having suffered an episode of 'phlebitis' were followed; 57% were treated by conservative measures alone and 43% underwent sympathectomy. The authors concluded that, although it was a useful procedure, much more effective measures were necessary for treating the postphlebitic limb. Numerous other series were performed to assess the benefits of sympathectomy, and both positive and negative results were reported, but in 1955 Cockett stated that sympathectomy alone was ineffective for the treatment of venous ulceration. 19 This apparently reflected the majority opinion, and the procedure was not commonly performed after that time.
Based on the observation that the worst features of the postphlebitic syndrome occurred following recanalization, ligation of the deep veins was advocated. Bauer described and performed ligation of the popliteal vein in over a thousand cases; initial results were very good, with almost immediate relief from the deep bursting pain, but recurrence rates of ulceration were high. A 20-year follow-up of the procedure reported by Lindhagen and Hallbook showed a 70% recurrence of ulceration and 95% incidence of venous symptoms.2°T he presence of incompetent perforating veins in close approximation to venous ulcers had been noted by Homans. Turner Warwick also described incompetence of perforating veins in his extensive cadaveric dissections in 1931.21 He postulated that on contraction of the calf muscle, blood was squeezed at high pressure from the deep veins to the superficial veins through these incompetent veins causing the skin changes and subsequent ulceration. He described the 'bleed back' test at operation to determine whether perforating veins were competent or not. In 1938, Linton described incompetence of 'communicating' veins between the saphenous and deep venous systems found at operation in a series of 50 patients .22 He recommended the ligation of these incompetent veins at their origin beneath the deep fascia, and described three long incisions down the leg, medial, anterolateral and posterolateral for adequate exposure. This was combined with ligation of the saphenous veins if they were incompetent and, in a proportion of patients with deep vein reflux, he performed ligation of the superficial femoral vein. In 1953, after a 10-year follow-up, he reported a 55% ulcer recurrence rate following ligation of the communicating veins, and a 60% recurrence rate after concomitant ligation of the superficial femoral vein. 23 In the same year, Cockett and Jones hypothesized that ulceration was purely a local problem. 24 They described poor arterial supply to the gaiter region of the leg, and proposed that this factor combined with incompetent perforating veins in this area led to regional hypoxia. They noted that the saphenous system had little to do with the venous drainage of the gaiter region, and blamed this fact on the frequent recurrence of ulceration seen following ligation of the long saphenous vein. They also proposed that the deep fascia of the lower leg was an essential part of the calf muscle pump. Cockett described a long incision down the medial aspect of the lower leg with ligation of perforating veins as they emerged from the deep fascia. By the 1960s, varicose veins per se were no longer blamed for the skin changes of chronic venous insufficiency; incompetence of perforating veins as a consequence of deep vein thrombosis was believed to be the central problem, and this opinion is still widely held today. Cockett Palma 26 ) and preferences for the extrafascial or subfascial approach are justified, but the principle remains the same. Good results continue to be reported, with ulcer recurrence rates of approximately 15% quoted. 27,28 Enthusiasm waned in the 1970s however, due to reports of high recurrence rates of ulceration,29 and because of poor wound healing. The latter proved to be a frequent complication necessitating lengthy periods of hospitalization.
As clinical evaluation of surgery for venous disease requires a follow-up period of 10-20 years, more objective methods of assessment had by this time been established. Though venography provided an anatomical view, it gave little information about function. Ambulatory venous pressure measurements assess the degree of hypertension and are now considered essential in evaluating venous surgery.
In 1977, Browse and Burnand assessed the results of established venous surgical procedures by means of pre-and postoperative venous pressure measurements. They showed that ambulatory venous pressure measurements were improved in limbs with superficial vein incompetence when the incompetent veins were excised.
Where there was deep vein incompetence or perforating vein incompetence, venous pressures were not improved by ligation of superficial and perforating veins. ~° This was corroborated by a clinical study in which a series of 41 patients with venous ulcers underwent ligation of perforating veins. Those limbs with venographic evidence of deep vein damage all suffered recurrence of ulceration, whereas only one of the limbs with normal deep veins reulcerated postoperatively. 3' Following these studies, attention once again focused on the deep veins. It was proposed that residual hypertension within the deep system was responsible for recurrence of symptoms. At the same time it became clear that a proportion of 'postphlebitic' limbs do not show any evidence of deep vein thrombosis.
Several series have since been reported which show that the skin changes of chronic venous insufficiency may be due to long saphenous incompetence alone. Excision of the long saphenous vein in these cases is curative. 32, 33 Retrograde venography was introduced by Luke in 1941. In this first series he noted a group of patients with symptoms typical of venous disease who had no venographic evidence of deep vein thrombosis, but who showed retrograde flow of contrast down the leg. He labelled this group as 'developmental venous retardation' and proposed that the valves in the deep system were either absent or defective.34 Turner Warwick had also noted a group of young patients with venous disease whom he considered to have congenital deep vein incompetence. These findings have been confirmed in recent years. It has become apparent that the valves of the deep veins may become incompetent without thrombosis: in a recent series of 51 limbs with postphlebitic syndrome, investigated by both ascending and descending venography, only 36% showed evidence of previous thombosis; the remaining limbs had gross retrograde flow of contrast through deep valves which looked normal.=~5 This phenomenon is termed primary valve failure. The advent of duplex scanning has allowed better evaluation of this condition. Valve leaflets have been shown to be mobile but 'floppy', allowing reverse flow of blood between them. Valves destroyed by thrombosis have a very different appearance. Nicolaides et al. have reported that incompetence of valves in the deep system may also be segmental (as is often seen in superficial varicose veins) and that the whole of the deep system may not necessarily be affected. 36 This factor is important in surgical treatment.
The 'postphlebitic syndrome' is thus a vague clinical term which includes several conditions. By clinical examination alone it is impossible to reach an accurate conclusion about the underlying venous abnormality. There may be pure superficial vein incompetence, deep vein incompetence either as a result of previous thrombosis or from primary valve failure, incompetent perforating veins, venous outflow obstruction or any combination of these factors.
Surgical treatment for the condition is generally considered unsatisfactory, and recurrence of symptoms postoperatively is common. These disappointing results may be due to poor preoperative diagnosis resulting in ill-conceived or inadequate operative procedures.
There are now a large number of investigative techniques available which enable an accurate diagnosis to be made. As a result, instead of employing a standard operation for the postphlebitic limb there is a trend to tailor surgery to the particular limb. A variety of options are available.
Superficial vein incompetence
Where incompetence of the superficial vein is identified as the sole cause for ulceration, ligation and excision is required. Under local or general anaesthetic, ligation of the saphenofemoral junction is performed. This is known as the Trendelenberg procedure, although the operation actually described by Trendelenberg was excision of a portion of the long saphenous vein in the upper part of the thigh. Although many textbooks describe an incision 2cm below the groin crease, this is often too low for adequate visualization of the saphenofemoral junction. An incision in the groin crease, just medial to the femoral artery, gives good exposure and a good cosmetic result. The long saphenous vein is dissected out and the saphenofemoral junction identified and cleared. All tributaries joining either the femoral vein or long saphenous vein are ligated and divided. Finally, the long saphenous vein is ligated flush with the femoral vein. Failure to perform a thorough exploration and ligation of all branches is blamed for the high recurrence rate following this procedure.
Whether or not, in addition to this, the long saphenous vein requires stripping has been hotly debated for many years, and continues to cause controversy. Studies performed in 1958, 37 1979,38 and 198839 comparing the results of ligation of the saphenofemoral junction plus local avulsions against ligation plus stripping, all report conclusively that there is a significant advantage with stripping. This advantage is measured in terms of recurrence of varicose veins or symptoms of aching, swelling or ulceration. A double blind controlled trial of a similar kind performed by Munn et al. in 19814° showed that although there was a decreased recurrence rate of symptoms when stripping was performed there was also a high incidence of postoperative paraesthesia and numbness which biased patients against the procedure. Stripping to the ankle is now rarely performed because of this damage to the saphenous nerve, but stripping from the knee up is still widely utilized. There are various arguments against stripping. The value of the long saphenous vein as a graft is quoted and though some question the value of a varicose vein for this purpose others argue that it is still useful. A study reported by Woodyer et al. in 1985 on a randomized prospective trial designed to determine again if stripping was necessary, found no subjective or objective advantage conferred by the addition of stripping after three years.41 Without stripping, the operative treatment of superficial incompetence is much more easily performed under local anaesthetic or as a day case procedure. With financial restrictions these are now becoming important considerations.
Incompetence of the short saphenous vein is less common than that of the long saphenous system though the exact incidence is not clear. It by Doppler ultrasound and varicography, but also confirmed at operation. 45 The ratio of saphenopopliteal incompetence to saphenofemoral incompetence was found to be 1:3. The saphenopopliteal junction is found in the region of the popliteal fossa in 60% of limbs. In 30% it has no connection with the popliteal vein, and continues up the limb to terminate in the long saphenous veinthe profunda femoris or in branches of the internal iliac vein; in the remaining 10% it terminates in the calf by joining the gastrocnemius veins. 46 Adequate ligation of this vein therefore depends on careful preoperative localization, and this is most accurately achieved by varicography. 47 As with the long saphenous vein, the requirement for stripping is controversial. There is a significant danger of damaging the sural nerve and it is not a commonly performed procedure.
Deep vein incompetence
Recurrence of ulceration following standard ligation of superficial varicose veins and perforating veins in the presence of deep vein incompetence is blamed on residual high pressure within the deep system. Although ligation of the deep veins is generally considered undesirable it is still occasionally performed. 48.49 There are a number of other approaches to the problem depending on whether incompetence is due to previous thrombosis or to primary valve failure.
Primary valve failure
The incompetent valves in this condition are well formed and show no signs of damage. The abnormality is elongation of the valve cusps.
Valvuloplasty
Kistner first described repair of such valves in 1975.5° The principle behind the operation is shortening of the 'floppy' valve cusps by means of reefing sutures. This allows effective apposition of the valve cusps and prevents reflux. It may be performed after opening the vein, but Kistner has also described the procedure performed on the closed vein if the valve cusps can be clearly identified. Kistner advises that the highest valve in the femoral vein should be repaired. A longitudinal incision is made in the vein through one of the commissures, with care taken not to damage the cusps. The valve cusps are then shortened by means of interrupted reefing sutures which are tied on the outside of the vein wall.
The first series Kistner reported had excellent results, but he had combined the operation with ligation of superficial and perforating veins. A different approach to the problem was described by Hallberg in 1972.55 He placed a Dacron cuff around the femoral vein at the site of an incompetent valve in order to prevent dilatation and restore effective apposition. Only one case was reported, but this was a patient with recurrent ulceration following stripping and a Cockett's procedure. Postoperatively the valve was shown to be competent by venography and the clinical result was good. Recently there has been renewed interest in this technique.
Post-thrombotic
Thrombosis causes obstruction of veins to a greater or lesser extent. Recanalization is also variable in degree. Even if the lumen is fully restored, valve leaflets are often damaged. Thickening or complete destruction may occur. Repair of these valves is therefore impossible.
Following thrombosis, a postphlebitic syndrome may be due either to outflow obstruction, to valvular incompetence or to a combination of both. The degree of each must be assessed and the surgery planned accordingly.
Valve incompetence
The aim of surgery in these limbs is to introduce a competent valve into the deep system. This can be done by vein transposition, vein transplant or by insertion of prosthetic valves.
Vein transposition
This technique was also first described by Kistner, in 1979 .49 The procedure is only possible if a competent valve can be demonstrated in one of the veins of the thigh: the superficial femoral, the profunda femoris or the long saphenous vein. Retrograde venography is essential for this purpose. The profunda femoris vein most commonly has a preserved valve. A vertical incision is made in the groin to expose the three veins which are controlled. The incompetent vein, most commonly the superficial femoral vein, is transected distal to the junction and its proximal end tied off. The distal end is then sutured, end to end or end to side, to a competent vein. In this example, either the long saphenous vein or the profunda femoris vein could be used. Blood returning up the superficial femoral vein is now redirected into one of these veins which has a competent proximal valve.
Ferris and Kistner reported on a series of 16 limbs with vein transpositions performed from one to six years earlier. Clinically there were 11 1 good results, and two recurrent ulcers. Venography confirmed competence of the proximal valve in all cases. Ambulatory venous pressure measurements were performed pre-and postoperatively in eight cases, and there was improvement in seven. 56 Results of several other small series have been reported48,sz.s~ with encouraging clinical results. A larger series with a longer follow-up reported by Johnson et al. is more pessimistic.57 In this series, vein transposition alone was performed with no concomitant ligation of superficial or perforating veins. Of 12 patients, only three were free of problems; the others all required continued elastic support or had recurrent ulceration. Venous pressure measurements were unchanged following surgery, though refilling times were improved. Nine of the 12 had deterioration of refilling times after 18 months. It was noted in this study that the patients with a good clinical result all had minimal perforator incompetence compared to the others. The conclusion drawn from the study was that incompetent perforating veins remain the central problem of the postphlebitic limb.
Valve transplantation
It is not uncommon for all veins in the postphlebitic limb to be incompetent. Transposition of veins is not an option in this situation. Insertion of a segment of vein with competent valves from the upper limb into the incompetent deep system was reported by Taheri in 1982. 58
The femoral vein with its deep and superficial branches is exposed through a vertical incision in the groin. In the arm, the brachial vein is exposed and the valves tested for competency. A segment several centimetres long, bearing competent valves, is removed. A segment of the superficial femoral vein distal to the junction with the profunda is excised and the brachial vein segment inserted in its place.
Taheri first reported on a series of six patients. All of these had previously undergone stripping of superficial veins and ligation of perforating veins, and all had suffered recurrence of ulceration. Eight months following valve transplantation ulcers remained healed, and other symptoms of pain and swelling had subsided. Refilling times measured by photoplethysmography had improved in all cases. This improvement was maintained two years later and venography revealed patent deep veins with competent valves in the transplanted segments. 59 By 1986, Taheri had performed 46 cases and followed these up for a minimum of three years using venography and venous pressure measurements. Of these, 39 patients reported a good clinical result though a significant proportion of them still complained of swelling and/or pain. All ulcers healed and remained healed. Venous pressures were performed preand postoperatively in 14 cases and were improved in 12, though not normalized.6o Raju performed 23 vein transplants. 53 He utilized the axillary vein in order to obtain a vein of greater diameter than the brachial. All patients had subjective improvement of symptoms, and in 10 there was improvement of objective laboratory parameters (Doppler ultrasound, photoplethysmography and venous pressure measurements). Three limbs showed no objective improvement despite a good clinical result. There were eight failures: one was due to the small size of the axillary vein and the others to recurrence of reflux through the transplanted segment. This factor is the great drawback of the procedure. The veins of the arm are much smaller than those of the leg, and unaccustomed to the high pressures encountered in the femoral segment. The probability that, with time, the valves in the transplanted segment will become incompetent seems high. Wrapping the vein in a circumferential band of Teflon has been suggested to overcome this problem.
Prosthetic valves
Eiseman and Malette, in 1953, were the first to describe a technique for creating valves within veins rendered incompetent by previous thrombosis .6 The technique consisted of intussuscepting the vein wall into the lumen in order to create valve leaflets. It was only ever performed in a dog model despite good results. No anticoagulation was used, but flow was maintained in the vein throughout the procedure and there were no episodes of thrombosis. Venography confirmed patency of the vein and competence of the valve postoperatively.
One of the disadvantages of the technique, pointed out at the time, was the state of the postphlebitic vein wall. Thrombosis and subsequent recanalization render the vein wall thick and unsuitable for manipulation as required by this technique. The lumen of the vein is also often obstructed by bands or webs.
The creation of a prosthetic valve that could be inserted into postphlebitic veins without causing thrombosis remains a surgical ideal. Taheri has recently reported on a valve made of platinum and pyrolyte carbon-covered titanium.62 It consists of a ring with a circumferential groove. A bar across the diameter of the ring supports two mobile 'leaflets' which are allowed to move only in one direction. The ring is inserted into a vein through a proximal venotomy and anchored by means of a suture around the outside of the vein which fits into the circumferential groove in the ring. The 'leaflets' allow blood to push them open for flow up the vein, but prevent reverse flow.
Nine of these valves were inserted into nine dogs; six into the inferior vena cava and three into the femoral vein. After three months, seven of the valves remained patent as documented by venography. One valve migrated and was found in the pulmonary vasculature in the right upper lobe; one valve was found to have twisted by 90°a nd was therefore not functioning. There was no thrombosis around this valve despite a lack of anticoagulation except during surgery. On postmortem examination of the valves after several months in situ none of them showed any signs of damage.
The fear of thrombosis following surgical damage to a vein already damaged plagues venous surgery. In order to avoid this, in 1968 Psathakis introduced his concept of an 'external' valve The principle of the operation is creation of a sling at the popliteal level which kinks the vein on walking, preventing reverse flow of blood. Psathakis first used the gracilis tendon for this purpose. Gracilis is detached from its insertion and passed between the popliteal artery and vein. On the lateral side it is then anchored to biceps femoris. The mechanism of action is a dynamic one: on contraction of gracilis, as the knee is bent and the foot off the ground, the popliteal vein is kinked and reflux prevented. With the leg straight, gracilis relaxes and the popliteal vein is released allowing the upsurge of venous blood that occurs during contraction of the calf muscle pump at this time.
Between 1963 and 1968 Psathakis performed 173 of these procedures and reported excellent clinical results. The vast majority were combined with ligation of perforating veins and stripping of superficial veins. Only six were performed in isolation, and five of these had recurrence of ulceration postoperatively. Psathakis concluded that incompetence in all compartments of the venous system had to be addressed, and persisted with the procedure. He modified the technique as he found that the tendon of gracilis was often not long enough. Initially he used a part of biceps tendon for lengthening, but in 1983 introduced a Silastic tendon.
A 22cm length of 6mm wide silastic is sutured to the tendon of gracilis or semitendinosus. It is then passed between the popliteal artery and vein and anchored within the belly of biceps femoris.
Hydrocortisone is instilled around the silastic tendon to prevent adhesions. In 1986 he reported a series of 119 cases followed up for a minimum of five years. Sixty-nine limbs had pre-and postoperative venous pressure measurements performed. Of these, 35 had undergone stripping of superficial veins in conjunction with the silastic sling insertion; 34 limbs had insertion of the sling as an isolated procedure. There was a marked improvement in venous pressure parameters in all limbs except for 11. All of these 11 limbs had been treated with the sling alone. Venous pressure measurements, repeated on 54 limbs three and a half years later, showed no deterioration.
An evaluation of this operation currently being performed by the author has given promising preliminary results. Of 10 limbs with severe symptoms which had not been controlled by surgery to the superficial veins or by elastic compression, there has been clinical improvement in six. Two have shown a marked improvement in venous pressure measurements.
Venous obstruction
Ligation of the deep veins was noted, in isolated cases, to cause a rise in venous pressure rather than improvement.65 In view of this, Warren and Thayer suggested that a new approach was warranted. Rather than attempting to obliterate all incompetent venous channels, they suggested that new channels should be formed to facilitate venous return.
In 1954 they reported the results of 'transplantation' of the long saphenous vein in 14 postphlebitic limbs. 66 There were two variations of the operation. In the first, the long sapenous vein was freed through a long incision down the medial aspect of the thigh, all branches were ligated flush with the vein and it was transplanted to the muscular compartment, to lie alongside the deep femoral vessels. The aponeurosis of the adductor muscles was carefully repaired. The same procedure was carried out in the second form of the operation, but in addition a saphenopoliteal anastomosis was performed. The long saphenous vein was divided at the level of the knee and the distal section excised. The popliteal vein was then dissected out in the popliteal fossa and divided, and the proximal end ligated. The proximal end of the long saphenous vein was then drawn through sartorius and sutured to the distal end of the divided popliteal vein.
Five out of seven patients in each group were clinically improved after the operation. The long sapenous vein was shown, by venography, to be patent in all seven of the limbs subjected to transplantation alone. In only one of the group with a saphenopopliteal anastomosis was patency demonstrated. Ambulatory venous pressure measurements improved in four of the group with saphenopopliteal anastomosis, and in five of the other group. Pressures were worse postoperatively in two patients, one from either group, and in one of these symptoms were exacerbated.
One patient suffered wound necrosis which took a long time to heal. The procedure was not considered a great success, but the principle of relieving outflow obstruction was considered sound.
In 1967, Negus and Cockett measured femoral vein pressure in subjects both at rest and at exercise. 67 They studied 19 patients with radiologically normal iliac veins, and 28 patients with abnormal iliac veins. At rest there was a slightly higher pressure in 15 of the limbs with abnormal veins; the others had pressures comparable to the normal limbs. On exercise there was an appreciably greater pressure rise in some, but not all, of the limbs with abnormal iliac veins than in the normal group. The authors concluded that radiological evidence of deep vein obstruction is not always associated with functional obstruction. This highlights the need for adequate preoperative assessment in order to plan operative management.
There is no doubt that a proportion of postphlebitic limbs have functional outflow obstruction. Treatment for these falls into two categories, bypass procedures and grafting procedures.
Bypass surgery
Bypass surgery utilizes normal veins, and is therefore most useful where the problem is unilateral. Palma and Esperon first described saphenous cross-pubis bypass in 1960.6g
The long saphenous vein from the normal limb is harvested through an incision down the medial aspect of the thigh. The vein is divided at about the level of the knee and the distal end ligated. The proximal end is then drawn through a subcutaneous tunnel created above the pubis. The common femoral vein on the affected side is dissected out. A portion of the vein unaffected by thrombosis is identified and controlled. The contralateral long saphenous vein is then sutured end to side to the femoral vein. Venous blood returning from the affected limb thus passes across the body via the saphenous vein to pass up the normal iliac vein. Palma and Esperon reported dramatic improvement of symptoms in eight cases: oedema subsided and ulcers healed. In one case the improvement was only temporary because thrombosis of the cross-over graft occurred after three months. Venous pressures were not measured.
Excellent clinical results were also reported in 1971 by Husni in 21 out of 26 cross-over bypasses performed .69 Ambulatory venous pressure measurements were improved in 14 out of 17 patients studied pre-and postoperatively.
Husni described a similar operation for obstruction of the popliteal vein .70 Two criteria must be satisfied if this technique is to be used: occlusion of the deep veins must lie distal to the sapheno-femoral junction, and the ipsilateral long saphenous vein must be competent. An incision is made in the upper third of the medial aspect of the leg and the saphenous vein identified. The deep fascia is then incised and the popliteal vein and its branches exposed. The saphenous vein is divided and its proximal end anastomosed to the popliteal vein, end to side. The length of the saphenous vein must be such that the anastamosis is relaxed. A window of deep fascia around the saphenous vein is removed to prevent pressure. A bypass is thus created around the occluded politeal/femoral segment. Husni reported the results of 20 of these procedures in 1970. Venography and ambulatory venous pressure measurements were performed. Sixteen patients were clinically improved. Venous pressure measurements improved only in those with functioning bypass segments.
A more recent series of bypass procedures reported by Dale in 1982 gives similarly encouraging results.71 In this, 59 patients underwent cross-over bypass; 80% of these remained patent and this was associated with a good clinical result. Of 10 saphenopopliteal bypass procedures, 60% remained patent.
The limitation of these operations is their narrow range of application. Normal saphenous veins must be present, and the saphenofemoral junction must be free of occlusion. A large proportion of patients with the postphlebitic syndrome have undergone stripping of superficial veins. In other cases the vein is varicose and unsuitable for use. A synthetic graft to provide a conduit around occluded segments would allow much greater application of surgery for limbs with outflow obstruction.
Venous grafts
Synthetic grafts in the venous system have been much less successful than in the arterial system. This is attributed to the low flow, low pressure characteristics of the venous system which predispose to thrombosis.
Numerous animal studies were performed in the 1950s. An array of materials were tried, including nylon, orlon, teflon, freeze-dried arterial homografts, freeze-dried venous grafts, fresh venous homografts and fresh venous autografts. The only one of these to achieve a reasonable patency rate was venous autografts. 72
Even with these, considerable contraction at the suture site was noted, and the patency rate was at best only 55%. 73 Several factors were consistently noted in the studies performed.(1) Vein grafts in the superior vena cava achieved much better results than those in the inferior vena cava. Negative intrathoracic pressure as opposed to positive abdominal pressure and the tendency for flow away from the heart due to gravity in the IVC were blamed for this. It was proposed that veins with reinforced walls which would not collapse would be more successful. ( There is no doubt that autogenous vein is the most successful graft material. The need for formation of a distal arteriovenous fistula to improve flow and pressure, the use of anticlotting agents and the need for rigid grafts to prevent collapse remain controversial questions.
New ideas
More recently, the role of outflow obstruction in the pathogenesis of the postphlebitic syndrome has been challenged. A prospective study by Killewich Incompetence of valves was determined by Doppler ultrasound, and photoplethysmography was used to determine venous refilling times. The results of this study showed that poor venous outflow had little correlation with development of the postphlebitic syndrome. Similarly, there was no correlation between venous outflow obstruction and the development of incompetent valves distally. There was, however, a strong correlation between incompetence of valves in the lower leg and symptoms.
Similar results have been reported in other studies. 79 Shull et al. in 1979 showed that a competent valve at the popliteal level was critical. They showed that ulceration developed in threequarters of limbs with incompetent popliteal valves, regardless of the state of the proximal veins. Where popliteal valves were competent, even where there was outflow obstruction, venous pressure measurements were within normal limits and no ulceration occurred Similarly, the value of venous reconstruction at the femoral level has been questioned. Moore et al. reviewed 122 patients with postphlebitic syndrome to determine the relationship between location of valvular incompetence and severity of clinical signs. They showed that proximal vein incompetence had a poor correlation with disease severity, whereas distal incompetence correlated strongly.81 A similar study was reported in 1988 by Gooley and Sumner.g2 They investigated the relationship between site of valvular incompetence and venous refilling time, measured by photoplethysmography, in 71 limbs with postphlebitic syndrome. They found that both incompetence of the superficial veins and incompetence of the distal deep veins were associated with fast refilling times. Where there was incompetence of the proximal deep veins alone, i.e. the common femoral or superficial femoral veins, refilling times were normal. The authors concluded from this study that dysfunction of the distal deep veins is the most important factor in the development of the postphlebitic syndrome. Incompetence of the proximal deep veins appears to be a fairly common phenomenon and does not correlate with symptoms. Strandness Similarly, there were limbs with typical 'postphlebitic' symptoms that had normal pressure measurements. Other studies have supported these findings but they have not, as yet, been satisfactorily explained. None of the surgical procedures described above have succeeded in returning pressure measurements to normal, even where there has been dramatic clinical improvement. It may be that the major venous channels provide only an approximate reflection of the function of the microcirculation of the skin which is ultimately responsible for the features of the postphlebitic syndrome. An effective means of assessing the microcirculation might be more pertinent.
In the mean time, it would appear that the state of distal veins is most relevant to the clinical state of the limb. Corrective surgical procedures are therefore best targeted at this area. At the present time, the vast majority of patients with the postphlebitic syndrome are treated conservatively. Symptoms are well controlled in a proportion of limbs by means of elastic compression stockings, but Negus has reported a 67% recurrence rate of ulceration using conservative measures alone. 86 Conventional surgery for the condition consists of ligation of superficial and of perforating veins. Many series report good results, but there is recurrence of symptoms in at least 15% of cases. There are now a variety of different surgical options available for treatment, and these should be based on a thorough investigation of the limb. The best results are achieved by correction of all incompetent veins identified, whether deep, superficial or perforating veins.
